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DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM AND MAGNETI C

RECORDI NG AND REPRCDUCI NG DEVI CE CROSS REFERENCE TO
WOREATHEDIAPPLI CATIONS Priority is claimed on JBEIreems/326305

Pat ent Application 2005-372064, filed Decenber 26,

.2005. This application is anlapplication filed under

35 U S.C 111 (a) claimng pursuant to 35 U S. C

119(e) of the filing dat ~si onal Application

60/ 755, 088 on January 3, el%%%%ﬁﬁﬁjpﬂjant to 35 U.S. C

111 (b). TECHNI CAL FI ELD The present invention relates

‘to magnetic recording nmedi um and magnetic recording

oM N e RRORRG M oL AN PR S i JEERRbBYo Anp

magnetl zation of the magnetic recording |ayer that was
conventional Iy di re&E&?\%Iﬁ UEMGIDEYIGHhe direction of
the nedium the demagnetizing field near the nmagnetic
transition region, which'is the boundary between
recording bits, beconmes smaller. As a result, the
stati ¢ magn€iRGYS BEABRENAIS TR RELARED AR 4@ AFIONS
recording density, and the resistance to thernal
f | ucPuatityors ciamned)vesfapanéuerRafant A,pphdfmopéﬂpﬁ}l?:dl?%ﬁl &ited December
magneti c recording systemis a suitable systemfor
26enbeficThiy spplitation is an application filed under 35 U.S.C. §111(a) ¢laiming

“pursuant to 35 U.S.C. §119(e) of the filing date of Provisional Application 60/755,088 on

January 3 2006, pursuant to 35 U.S.C. §111(b).

TECHNICAL FIELD
The present invention relates to magnetic recording medium and magnetic recording

and reproducing device using this magnetic recording medium.

BACKGROUND ART

By directing the easy axis of magnetization of the magnetié recording layer that was
conventionally directed in the in-plane direction of the medium, the demagnetizing field
near the magnetic transition region, which is the boundary between recording bits,
becomes smaller. As é result, the static magnetism stabilizes with the increase in
recording density, and the resistance to thermal fluctuation improves, therefore, the
perpendicular magnetic recording system is a suitable system for enhancing surface
recording densify.

When a soft magnetic underlayer made of soft magnetic material is provided
between the substrate and the .perpendicular magnetic recording layer, it works as the

so-called vertical two-layer medium, and high recording performance can be obtained. In



10

15

20

25

recording density. Wen a soft magnetic underl ayer

made of soft magnetic material is provided between the
wGloshTiate and t he perpendi cul ar nagneti c recor@i/IRI006/326305

| ayer, it works as the so-called vertical two-I|ayer

medi um and hi gh recordi ng p&rformance can be

obtai ned. Inthis condition, the soft nagnetic

L NG EEE ER e —
R G T R T

are generally proposed as soft nmagnetic nmaterial for

reprouEIEF eGS0t t nmagneti c underl ayer nentioned above.

For instance, CoZr alloy (refer to Patent Docunent 1)
orAmpamhgps metetialy supl pe dlwbﬁwrmm oty gengralhy proposed
used. Various kinds of materials have been proposed

as feft mapeetigndateridldpe formingothe sothmagaetionndenlaysrohentioned above. For
magneti ¢ underl ayer nentioned above. For instance, hep

instanceicCof e sllsyu Clefea o TRatexlt | Rycugnesf ¢) or FePd$ic e TaN owefento Patent
3) and Ni FeCr (refer to Patent Document 4) or _

Doemmempttit)unays be ussduVasoswukindaef hatenmlgs Haee beadpropdse@ddr tle unde
or CoTaZr is used as the soft magnetic underl ayer

layee tt bopretlidet oviahe tdfe mapgadicamdeilayed hiensibadl afovEoFd@rindtance, hep
at high tenperature and high hum dity occurs in CoFe

stradth@Y Suth ab ati ey N@eOto Pafef Dab®mentt 3)nafl MERITr (refer to Patent

observed that in CoFe alloy with Fe added thereto to
DdclifmeRad &r bhR riRuy bRkbdtoRs BRANBIaGndy beugdgnsity (Bs),

this problem’i s nore noticeabl e.

If CoZrNb or CoTaZr is used as the soft magnetic underlayer mentioned above, the
problem of corrosion of Co or Fe at high temperature and high humidity occurs in CoFe
alloys in both kinds of materials. It has been observed that in CoFe alloy with Fe added
thereto to increase the saturation magnetic flux density\ (Bs), this problem is more
noticeable.

If a material with no magnetism in the under layer is used, the distance of the head
and soft magnetic underlayer surface increases further from the thickness of the under
layer, and the séft magnetic underlayer has to be increased in thickness to enable
adequate writes. By using material with soft magnetic characteristics in the under layer,
both the role of the | soft magnetic underlayer and the crystal orientation of the
intermediate layers provided above can be controlled. However, it has been observed that
when Ni, Ni alloy, NiFe alloy or NiCo alloy materials are used in the under layer, the
crystal orientaﬁon changes significantly depending on the soft 'magnetic. underlayer

material.

Patent Document 1: Japahese Unexamined Patent Application, First Publication No.

H6-282834.
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If a material with no magnetismin the under |ayer is

used, the distance of the head and soft nagnetic
wamdentdalser surface i ncreases further from thePCT/JP2006/326305

t hi ckness of the under layer, and the soft nagnetic

under| ayer has to be increased in thickness to enable

adequate wites. By using material with soft nmagnetic

characteristics Jin the under. | ayer oth the ro f .

i %at%ngf ocH.Hlaﬂte?:iJlépqmaeeppswm%cﬁgatfnﬁté&)wlgygv%ﬂ, Frlrsl Futﬁlcatlon No.
H@ri@%gti on of the internediate |ayers provi ded above

ca controll ed. However, it has been observed that

. n Ni, NN allay, N Fe alloy. or NiCo _alloy materials
%t%&f’q‘ﬁ‘e{‘ : Japrnsse Paggnt P l‘??é‘oér%tzgﬁéﬁéi ent ati on
changes_significantly depending _on the soft magnetic
unipsent esument ‘é’rJiamn.eSfPHp@Fﬁml%gﬁ?fé@itAHPhCQﬁ% AéstPublication No.
Unexan ned Patent Application, First Publication No.

200%-1282%934. Pat ent Docunent - 2: Japanese Unexani ned
Pat ent Application, First Publication No. H 1-149628.

Pat ent Document 3DIS@pbESERE OHIRMENTIOIN cat i on No.

2669529. Patent Docunment 4 : Japanese Unexam ned _
Pallentonfygptatioataf aimedid-proposedublthe past ovas Noadeg @08 +d 2BAB Magnetic
DI SCLOSURE OF | NVENTI ON The configurati on of nedia
reqordipg Sredia nwitlh exgdleht waeordingdad uapeduciont tlaractersgiogt amel good
recording media with excellent recording and .
prédeptiviti AVear3 t6 egohat #id problet aeha@edid recording medium that could
be manufactured easily have been demanded since the past.

The present invention has its object to offer magnetic recording medium and
magnetic recording and reproducing device that can record and reproduce high density
data by optimizing the soft magnetic layer material forming the soft magnetic underlayer
and the under layer material after considering the circumstances mentioned above.

The present invention adopts the configuration described below to achieve the
object mentioned above.

(1) The magnetic recording medium of the present invention comprises a
perpendicular magnetic recording medium formed by at least an soft magnetic underlayer,
a under layer, an intermediate layer, and a perpéndicular magnetic recording layer on a
non-magnetic substrate, wherein the soft magnetic underlayer includes soft magnetic
layer which has an amorphous structure an is made of CoAl alloy'having saturation
magnetic flux density Bs greater than 1.1T.

(2) The magnetic recording medium of the present invention comprises a

perpendicular magnetic recording medium formed by at least an soft magnetic underlayer,

.a under layer, an intermediate 1ayer, and a perpendicular magnetic recording layer on the

non-magnetic substrate, wherein the soft magnetic underlayer is formed by soft magnetic
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productivity. Means to resolve this problem and

magneti ¢ recordi ng nediumthat could be manufactured
weawihusave been denmanded since the past. ThePqwE2e0326305

invention has its object to offer magnetic recording

medi um and magnetic recording and reproduci ng device

that can record and reproduce high density data by

RGeS AR g P P n

material after considering the circunstances nentioned
denyiy\Rs eregier P%géﬁ? i nventi on adopts the configuration
descriged bel ow t o achi eye &Qﬁ obj ect .nent.i oned above.
( 1)Orkle magnic rscording sy al dhe pessnt imentpn banal content of the
I nvention conprises a perpendi cul ar nmagnetic recording
softeAgneH G layerebaty seeater thas0. 2t % but leppiartiak Yunder | ayer,
a under layer, an internediate |ayer, and a
per(pehbe vukneticrmgegerdingomediemrafitheypreagnéinygntion has Al content of the
non- magneti c substrate, wherein the soft nagnetic
sofi mukgnétaylayeri thatlis deestes thfan Ondafriétbutlcksathen 3wh?ch has an
anor phous structure an i s made of CoAl all oy having _
sat(6y @h¢ angnatgpnetording| mediciandithy pidserd imanton hisaFe tonfent of the
(2) The magnetic recording nmedi um of the present
soft My@Attiolyaahiris k8sthan3oraptndi cul ar magnetic recordi ng
medi um formed by at | east an soft magnetic underl ayer,

a By The hityghétic RBoldMgEMBBIdMaSEthe Y& Ent iakéhtdn has also at least one
per pendi cul ar magnetic recording | ayer on the

of TANNPBERL RS CorddHR i thalsBft npRE® Ryéhe soft magnetic
underl ayer is formed by soft magneticlayer -with an

am{ﬁpﬁfﬁ& &a%ﬁéti@k@éﬁirﬁxﬂ@diﬁﬁl @tﬁ@'ﬁkes@ﬁtl iAYerltid% HAY also either Ni or
saturation magnetic ux ' '
Cr included as content in the soft magnetic layer.

(8) The magnetic recording medium of the present invention has the soft magnetic
underlayer comprising two layers of AFC (Anti-Ferro-Coppling) struc.ture and Ru film
formed between these two layers of soft magnetic lay_e;.

(9) The magnetic recofding medium of the present invention wherein MseT (Tenm),
the product of the saturation magnetic flux density and film thickness of the soft
magnetic underlﬁyer is greater than 3 but less than 8.

(10) The magnetic recording medium of the present invention wherein the under
layer material is either. Ni, Ni alloy, NiFe alloy or NiCo alloy, and the A850 of the Ru
alloy provided thereupon is less than 6 degrees.

(11) The magnetic recording med.ium of the present invention wherein the

intermediate layer is made of either Ru or Ru alloy.

(12) The magnetic recording medium of the present invention wherein the film

- thickness of the soft magnetic 'underlayer is greater than 20 nm but less than 80 nm.
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density Bs greater than 1.4T. (3) The magnetic

recordi ng nedi um of the present invention has Al
wamat/eravisof the soft nmagnetic |ayer that is griecaymR006/326305

than 0.2 at.%but less than 7 at.% (4) The magnetic

.recordi ng nmedi um of the pres&nt invention has Al

content of the soft magnetic. Iayer that is greater

h . % Ies than
FodbPaihy eghath exSind IRRudnebf fhe oAl nltRES Whercin the
onten of the s etlc I yer that is | ess than
thlﬁlﬁ’eéi Off%‘e %ﬁ”“ﬁﬂéatﬁ&ﬂﬁre'g ? Sfl@r?ol d™g nedi um of the
pre nt. invention has al so. at st one of Ta, N
(19 o magnctio ot %medw@, r?éttﬁ% PreR§ Ry InventjonT erein the soft
nagnetlc recordi % medi um of the present invention
magngis layermis e GOFEATATNE! Gabeh LINBo ROERAITAND, ReFSAHAbCE, or
magnetic |ayer. (8) The nmagnetic recordi ng medi um of
CoFndlZNédent invention has the soft magnetic underlayer
conprising two |ayers of AFC éAntl-Ferro Coupl i ng)
st r(Lgx TheemagrttiRuredarimg fnoadingnl ob tevgresent frysatiombirthaykassa barrier
of soft nmgnetic layer. (9) The magnetic recording
layee Hetweemwthetnoa-pageto subistraerand dre sofienagnetivahder{afénn) |
the product of the saturation magnetic flux density
and16) The iaprditassordingthalismfdf thagreséntdnwsmtion lvehesdin itlge barrier
greater than 3 but less than 8. (10) The magnetic.

laye£ G/t Gi AQinTeRinem Gélettbe fne IR lenineN ichidedtBr tHensdft ehagnetic

under.
underlayer except for Co and Fe.

(17) The magnetic recording medlum of the present invention wherein the barrier
layer has an amorphous structure.

(18) The magnetic recording medium of the present invention wherein the film
thickness of the barrier layer is greater than 1 nm.but less than 20 nm.

(19) The magnetic recording and reproducing device of the present invention
comprises magnetic recording medium and magnetic head for recording and reproducing
information on the magnetic recording medium, wherein the fnagnetic head is a single
magnetic pole héad, and the magnetic recording medium is the magnetic recording
medium according to any of (1) to (18).

As mentioned above, according to the present invention, the perpendicular magnetic
recording medium comprises at least an soft magnetic underlayer and under layer and
intermediate layer and perpendicular magnetic recording layer on non-magnétic substrate,
wherein the soft magnetic underlayer formed by soft magnetic layer with saturation
magnetic flux density Bs greater than 1.1T is made of CoAl alloy, and the under layer is

formed either by Ni, Ni alloy, NiFe alloy, or NiCo alloy. Therefore, magnetic recording
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| ayer material is either Ni, N alloy, N Fe alloy or
Ni Co all oy, and the D @0 of the Ru all oy provided
wda ter/eupon is | ess than 6 degrees. ( 11) The nEUIMERDIEG/326305
recordi ng nmedi um of the present invention wherein the
.internediate layer is made o6 either Ru or Ru all oy.
(12) The nmagnetic recordi ng nmedi um of the present
m t hi.ckness of the

[ ti wh in the fil f .
medliiR etnlc PARERGR| Iyidie, W0 clepHOERardcyepen FigRE Pbageording and
R e TR e B R et St

internediate layer is less than 16 nm (14) The

magneti ¢ recordi ng nmedi um of the present invention

wherein the soft nmagnetic | ayer is either CoFeAl Zr Nb,
CoFeAl Hf Nb, dHHEK &(BRI@%}&GBW%WH@ESM Zr NbNi .

(15) The magnetic recordi ng medi um of the present _

i rignt iiom cfogs s¢ntion vagw shopiingithe firsteaamplstafethe) magpetic recording

non- magneti c substrate and the soft magnetic
mednuie rélatgé ta the pEsemtheventignet i ¢ recor di ng nmedi um of the

present invention wherein the barrier |ayer has a main '
el pedtshews elot BH flogof ke edrepmrhsin tel substatbsutfhee of the soft

soft magnetic underl ayer except for Co and Fe. (17)
maphetidTagdatdyer usebiithg nimdeticnrédordihg medis@nielated entthe present

wherein the barrier |layer has an anorphous structure.
inkehBdn.The magneti c recordi ng nedi um of the present

i nvention wherein the film . '

Fig. 3 is the configuration diagram showing an example of a magnetic recording and
reproducing device provided with magnetic recording medium related to the present
invention.

Explanation of Reference Numerals:

- A: Magnetic recording medium; a: soft magnetic underlayer; 1: non-magnetic
substrate; 2: first soft magnetic layer; 3: non-magnetic intermediate layer; 4: second soft
magnetic layer; 5: under layer; 6: intermediate layer; 7: perpendicular magnetic recording
layer; 8: protective layer; 9: lubricating layer; 10: magnetié recording medium; 12:

magnetic recording and reproducing device; 13: spindle motor; 14: magnetic head; 15:

head actuator; 16: recording-reproducing signal processing system.

BEST MODE FOR CARRYING OUT THE INVENTION
Fig. 1 shows an example of the first example of the magnetic recording medium of
the present invéntion.
The magnetic recording medium A shown here comprises a first soft magnetic
layer 2, a non-rﬁagnetic interrhediate layer 3 made of Ru, and a second soft magnetic

layer 4, which together form the soft magnetic underlayer .a on a non-magnetic substrate
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thi ckness of the barrier layer is greater than 1 nm
but less than 20 nm (19) The nagnetic recordi ng and

WO Bpr/otwc ng device of the present invention CRITWH28@$326305
magneti c recordi ng medi um and magneti c head for
recording and reproducing informati on on the nmagnetic
recordi ng nedium wherein the nagnetic head is a
si,ngl e magnet, c pol e. head, and..th tic rec

| e o (e BE: oot CRGRATSiY Bt afh dc BRPRIdIG I hagneti
A 1) t 18). As [ d ab , di
recBRln 1Y e AIFENYS AT & B0 pORBEAGRi e B Grngally Tormed.

recordi ng medi um conpri ses, at | east an soft nagnetic
urm@%qtaal[}% pubstrateynafisof mgfallic pterial sushhashl ymmumygreplugm alloy
per pendi cul ar magnetic recording | ayer on non-nmagnetic
mayybe tused @s the dloarmagngtic sypstraidn et & ngpdestallig esubstpitergppde of
by soft magnetic |layer with saturation magnetic fl ux
nogremesalliy nByeripl sucleps glwasn ceramic siliped silison Gerlideapt earbon may be
and the under layer is forned either by Ni, N alloy,
uséd. Fe alloy, or NiCo alloy. Therefore, magnetic
recor di ngnedi um and magnetic recordi ng and reproduci ng _
deviteeglasspallistratef useé dortte ngesand exappledoay bg dmayphous glass and
density information with excellent productivity can be
cryatdlliriecg assBEEferalPinidst Bdd { InElglassior AMRAMUNCS 1iEatg glads may de used
cross section view showing the first exanple of the

‘as Mg Aabiphoi£ SRE NG R Gastd ¢redtalliad olas nh B 8%ANs the crystalline

invention. Fig. 2 shows the MH | oop of the conponent
glds§ the substrate surface of the soft magnetic
underl ayer used in the magnetic recordi ng nedi um

r elfyf 8€lng AntabEraps SSERE roughness Ra below 0.8 nm, more preferably below
0.5 nm in the non-magnetic substrate 1, the intermediate layer and the crystal orientation
of the perpendicular magnetic recording layer can be enhanced, as a result of which the
recording and reproducing characteristics are enhanced. Mf)rebver, the .low flying of the
head preferable for high recording density media' is a favorable feature. Also, a
micro-waviness of the surface (Wa) of below 0.3 nm (preferably below 0.25 nm) is
preferable for the low flying of the magnetic head for recording with high recording
density, and is a favorable feature.

The soft magnetic underlayer comprises 2 soft magnetic layers and Ru formed
between the 2 soft magnetic layers. The soft magnetic layer above and below the Ru are
AFC-coupled.

The soft magnetic layer 2, 4 should preferably be made of CoAl 'alloy, more
preferably of CoFeAl alloy. The saturation magnetic flux density Bs should be greater

than 1.1 T, and preferably greater than 1.4 T. By using these materials, high saturation

.magnetic flux density and high resistance to corrosion can be obtained. Also, when Ni,
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invention. Fig. 3 is the configuration diagram show ng

an exanple of a nmagnetic recording and reproducing
walawi/esm ovi ded with magnetic recordi ng nedi uramm2eiesd6305

to the present invention. Explanation of Reference

Nuneral s: A: Magnetic record8ng nmedium a : soft

nagnetic underlayer 1: non-magnetic substrate; 2:

ST P LT R T T ——
| ayer; 7: perpendicul ar

re%%ffg{g %%Faé%%}sﬁf%ﬁml nz)?amt Y pr ot ect ive |ayer; 9:
 adheeadingoab i s sg%d TSR GG du ”gco”gg'g“gg 12 aducing

not or;; . 14: magnetic head;, 15: head act yat or;

ch@réetsflalqﬁganderswét@w R OSTOBAR CaR Pe HBRIAVEY) Slgysﬂcémly gikgpmount of
MODE FOR CARRYI NG OUT THE | NVENTI ON F| 1 shows an

Alaadderhshoulst be greater then Ocd@iibp bt isss thae 7 rh&g{ﬂ azrmra:bbtgfp@n:h@an 0.3
medi um of the present invention. The magnetic

at.Vebwrleisitam® dt. vion 1A thshawpurt of Al added isdess tharf P 2sat.% dhe corrosion
magnetic |ayer 2, a non-nmagnetic internediate | ayer 3 '

of tace FefcaRunt beriohihitekadsqatelyf $o tmesgpmaduing id @t erefdrredaif thia amount
together formthe soft magnetic underlayer a on a

of drexwegiRel atc%s tHestec@atlimd, andhepedpcing ahamderistiadydeterforategnso this
internedi ate | ayer 6, a perpendicul ar magnetic

anfoREOTsid @réfaed. Moreathpii @he of TueNbayteZr ShouRNpreferably be added in

lubricating layer 9 are sequentially forned.
CoAl or CoFeAl in the soft magnetic layer 2, 4. By adding these elements, the
amorphization of soft magnetic layer- 2, 4 is promoted, and the resistance to corrosion is
enhanced. With the addition of these elements to soft magnetic layer 4, the crystal
orientation properties of the under layer 5 and the intermediate layer 6 are enhanced; so
the addition of these elements is preferred. |
The amount of addition of Ta, Zr, Nb should pr_gferably be greater than 5 at.% but
less than 12 at.%. If the amount of addition of these elements is less than 5 at.%, and if
a crystalline structure is used in the soft magnetic layer 2, 4, the crystal particle size of
the under layer 5 increases, noise increases, and the corrosion resistance degrades; so
such an amount is not preferred. Moreover, the total amount of Al, Ta, Nb added should
preferably exceed 15 at;% (preferably less than 12 at.%) from the viewpoint of saturation
magnetic flux density.
Ni and Cr are added to improve the corrosion resistance of the film; so the amount
added should pfeferably be less than 5 at.%. With the increase in the amount added, the

resistance to corrosion increases, but the saturation magnetic flux density decreases, so

the increase is not preferred.
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A netallic substrate made of netallic material such as

al um num or alum num all oy may be used as the
wozns/megmet i ¢ substrate 1, or a non-netallic sSROBINAG6#326305

made of non-netallic material such as glass, ceramc,

silicon, silicon carbide or 2arbon . rmay be used. The

gl ass substrate used in the present exarrpl e rmy'be

de .
oat4 “g*i DI I AR Poks oukﬂ Ry BeBEEg0 a6
th h t.h b t
ol BT AL B e S P B AP LB oy geeets s
ot SR DR TRORPDOBARHIRIGT HHO ORISR GIOL PEStRS 1 a e
1, the internediate | ayer, and the crystal orientatio
of theehiskngss g tlmoatrmwﬁetlpéer}a@ewlwwgpm@y@ly baﬂrqaaer than 20
enhanced, as a result of which the recording and

nmy, &yt lsavidian §0 endfitedhicknase of thesof ragaeiieiundasiagensgis less than 20

the low flying of the head preferable for high

nny, ¢bo muhgneticl 8ns i from rteel megheficahdadveanapl be ibsrbrdeadeqhately, writes
a mcro-wavi ness of the surface (Wa) of below 0.3 nm

be¢ne fnadeplate, bed the rOcdt8ingrand ireprodieiney ctiakatdristict deediaate; so. this
flying of the magnetic head for recording with high

thitlaees i$inog prbdereddt If, thatidckngssoffthy sufabhendtieainderdayer beceeds 80 nm,
soft magnetic underl ayer conprises 2 soft magnetic

thé prpaiiciva dediiced eunsRidrabeyt; \we eiis tHickndsssiohbt prafenet] C

| ayers. The soft magnetic | ayer above and bel ow the Ru

ar®hen CoFeAlZrNb, CoFeAlHfNb, CoFeAlTaNb, | CoFeAlZrNbCr  or
CoFeAerNbNi is used as the material of soft magnetic layer 2, 4, the orientation
properties of the under layer 5 used as the predetermined material provided on top of it,
are enhanced. Also, the thickness of the intermediate layer 6 can be reduced, and as a
result, the thickness of the soft magnetic layer 2, 4 can be tedtlced. Aceordingly, a good
balance between recording and reproducing characteristics and productivity can be
attained.

It is particularly preferable that the soft magnetic layer 2, 4 be an amorphous
structure. By making it an amorphous structure, the increase in the surface roughness Ra
can be prevented; the head flying amount can’ be reduced, moreover, high recording
density can be attained.- By using a crystalline structure, a grain boundary part is formed
between crystals, which is a cause of corrosion; so this structure is not preferred.

Hbias, the index expressing the magnitude of the AFC-coupling of the soft magnetic
layers 2, 4 of -layer 2 that forms the soft magnetic underlayer a, should preferably be
greater than 50 Oe.

Hbias is described referfing to Fig. 2. Fig. 2 shows the MH loop of the components

in the substrate surface of soft magnetic underlayer a (in the direction of easy axis of
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AFC- coupl ed. The soft magnetic |ayer 2, 4 should

preferably be made of CoAl alloy, nore preferably of
woCewal49m | oy. The saturation magnetic flux dercl/IpRo@s26305

shoul d be greater than 1.1 T, and preferably greater

than 1.4 T. By using these materials, high saturation

rmgneti c fI ux density and high resistance to corrosion

ai ned. Al so, en.Ni ., N all Ni Fe .y or

maghRi2GpR § S?@ Fisathe oo L Riing g aol? BneBSsicyiapiy ¥ . 1f the
recordln roducln chajacteri tlcs

SatyRyiQn g %aacn%ﬁgtws ory oMo fhenibiAg 9 €eti rzs?eas the magnetic
bot h recordln and reproducj ng characterjstics

Feko SR OB (9 G100 FHGREEA B Cdefgl oYed (BHgls fMe/in?ﬁa;;mg the
The ampunt of Al added should be greater than 0.2 at.

abeygrmewtienedh myateriaht asyspfor BTAERatis Jaxer eat ds Hhthe dhigkngss %f the
but less than 5 at.%. |If the anount of Al added is

nohgeagnetiaintonediate biyern hef Bumrediehbaweanthersofiemegnstiodayers 2, 4
be i nhibited adequately, so this anmount is not

of hayef 21is tlfen he thelpeedetapmmiriedghickhese X@.6 ¢ol §.87nm), thén thiaeoft magnetic
recordi ng and reproduci ng characteristics deteriorate;

underldybt 8 camrbelobtained bhis pnafler the dxtelvial enapghatic field resdfistame and the
Nbo or Zr should preferably be added in CoAl or CoFeAl

WAME Bsistande tomadmeédsed.| ayer 2, 4. By addi ng these
el enents, the anorphization of soft magnetic layer 2,

4 Tise GUeRdiPEHC ofl ik doftema@fetis 14RE S, 4 Shaild pRSdratly ibe 10 Oe or less
enhanced. Wth the addition of these elenents to soft

(meﬁg;ﬂefewbw BY BElod 10tD8). Kodsthall | OB i LHpasiRbteB PPAIHI €S

.the under layer 5 and the internediate l'ayer 6 are

Sx@erl?lr%gré)gstﬁe b el AePbd, Hhﬁ%‘?tﬁél QMEBLALbS mentioned above,

the sputtering method may be used, for instance. When forming the soft magnetic
underlayer a, the film should preferably be formed with the magnetic field applied in the
radial direction of the substrate. The under layer 5 is meant \for.controlliﬁg the orientation
and crystal size of the perpendicular magnetic recording layer provided thereupon. The
under layer 5 should preferabiy be made of Ni, Ni alloy, NiFe alloy or NiCo alloy.

Eleinents can be added to Ni, Ni alloy, NiFe alloy or NiCo alloy of the under layer 5
mentioned above. with the objects of reducing the crystal size and increasing the
consistency of size of crystal lattice with respect to the intermediate layer 6. B, Mn and
so on may be used wﬁh the object of reducing the crystal size specifically, and the
amount to be added should preferably be below 6 (at.%). Ru, Pt, W, Mo, Ta, Nb, Ti may
be added with the object of increasing the consistency of crystal lattice size with respect
to the intermediate layer 6.

The saturation magnetic flux density Bs of Ni, Ni alloy, NiFe alloy or NiCo alloy in

‘the under layer 5 should be greater than 0.1T, and preferably greater than 0.3T. If less

than 0.1T, the role of a part of the soft magnetic underlayer may be weakened during
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The anmount of addition of Ta, Zr, Nb should preferably

be greater than 5 at.% but less than 12 at.% If the
wamount49td addition of these elenents is | ess RGEIP2806/326305

at.% and if a crystalline structure is used in the

soft magnetic |layer 2, 4, tha crystal particle size of

the under layer 5 increases, noise increases, and the

corrosion, resi stance degrades; so, such .an anmpunt | .
Wil PP diees Wi eosiite g teplogecimortteckrioRS, apg so is not

Qb %Pded shoul d preferably exceed 15 at. % (preferably
Pr{igdst han 12 at.% from the vi ewpoint of saturation

magnetjc flux _density. N _and re _added to i nprove

¢ hel Reghickasss vt ﬂ&w&kawg 61599%8 preterablysks greatersthay hmm but less

added shoul d preferably be less than 5 at.% Wth the
thannl(} prask thethigkaessiafth undenlayer $ fielepsthpa d J¥p dhe effect of the under

corrosion increases, but the saturation magnetic fl ux

layge heqomes deasicauate ghe slfeat l9& makingdhe partiglerfige finer cannot be obtained,
preferred. The Fe content in the soft magnetic |ayer 2,

and tlehonigntiatipmefegrasbs; ythéyefobs Isooh Bdluert argonphpreéerrede Hathaiigkness of
greater than 10 at.% but less than 40 at.%9. If the Fe _

thec omdiee fdyee § czeckels 30 mat,.the ctybal sigs imtreases thavefors, soch ©res are not
degrades; so this content is not preferred. The

préfeirekness of the soft magnetic underl ayer should
preferably be greater than 20 nm but |ess than 80 nm

| f Néiemaphaticrigeameafiatt e 8 Shoult greferably badeddeaf ®u d¢ Rusalloy.
| ess than 20 nm the magnetic flux fromthe nmagnetic

hearhechitRidss € neh-sighert Aiaaiddiatl MyeVs Ehcttd PRE? MY be less than
i nadequate, and the recording and reproduci-ng

16%@$ﬁ8keﬂréﬁﬁdbﬁsle§§ﬂﬁﬁilerﬂ).e?Fhfs%eE&h& %&EﬁWﬁsiﬁ@ CBAl alloy or

preferred. If the thickness of the soft nagnetic
CIHRASRIIGY B tH*&PeRaeR%c N er 2, 4, and using predetermined materials in the

under layer 5. By reducing the thickness of the non-magnetic intermediate layer 3, the
distance between the magnetic head and the soft magnetic \underlayer é can be reduced,
and the magnetic flux from the magnetic head can be made steep. The result is that the
thickness of the soft magnetfc layer 2, 4 can be further reduced, and productivity can be
enhanced.
The easy axfs of magnetization in the perpendicular magnetic recording layer 7 is in
a direction perpendicular to the substrate surface.”The elements should include at least Co
and Pt; furthermore, oxides or Cr, B, Cu, Ta, Zr may be added with the object of
improving the SNR characteristics.
Oxides such as SiO,, SiO, Cr,0s, CoO, Ta,0s, and TiO; may be used to form the
perpendicular ﬁagnetic recording layer 7. The volume percentage of oxides should
preferably be in the range of 15% to 40%. If the volume percentage of oxides is below

15%, the SNR characteristics become inadequate. This is not preferred. If the volume
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the productivity reduces considerably; so this
thi ckness is not preferred. When CoFeAl Zr Nb,
waCnheAl b, CoFeAl TaNb, CoFeAl Zr NoCr or CoFeArr/Nabie/326305
is used as the material of soft magnetic |ayer 2, 4,
the orientation properties df2 the under layer 5 used
as the predeterm ned material provided on top of it,
are _enhanced. Al so t hickness of .the internediate .
pefafiaft &t ciiosse P1eBtit: 4o bl T BoerBih  Rapie i Biefe Bgording
of. the soft magnetic Jlayer. 2, 4 can be reduced.
el SR DT BT aSQiCA o VBED & hof BestiTEichg and
repr.oduci ng characteristjcs._apd_pyoductivity can be .
at tHIEnRRY creatipn magnelic el f—&lng o ths Reendigulér maandlst recording
magnetic | ayer 2, 4 be an anorphous structure. B
lnienid Shguid praferabio beigseRierdfian ¢ Ouk@e. 1 rlnindese 4 7.H kQve thermal
surface roughness Ra can be prevented; the head flying
flugimgtion ocairs; Iblds isawtipeadierrador eover, hi gh recordi ng
density can be attained. By using a crystalline
st rThetthickpesa of thei perfizndicdir ymagaetic nesorflmgrieytr eshwmldrpreferably be
crystals, which is a cause of corrosion; so this _
in gier rangeio 6 it 20 am. Bf thiegerpeddictdat amgndtiverecordmg layer 7 is a granular
expressing the magni tude of the AFC- coupling of the
oxfleflhyerpfpn Gistahce,aandris the, thitkodss lodiytey grantilmadxill® tayer ishif this range,
soft magnetic underl ayer a, should preferably be

- theéj¥ Sdig@iite tdudput 3n B edaiedsarids debeamtivhed OB ehdrhdigridties does not

Fig. 2. Fig. 2 shows the MH | oop of the conponents in

octIETRERIE, AltRicRMsE actitangOkprdtgaet i ¢ underl ayer a
(in the direction of easy axis of magneti zation of soft

s 13 lég})gleenlrdﬁ%lgr nﬁafgn?tﬁé RlcHd: ltapé:i' PRk bBBGRRId-Ryered structure or it
may be a multi-layered structure made of materials of different compositions. The
structure should preferably be one that is stacked sequentially by layers containing oxides
particularly and layers not containing oxides. |
The protective layer 8 prevents corrosion of the perpendicular magnetic recofding

layer, and also prevents daniage to the surface of the medium when the magnetic head
touches the medium. Thus, the conventional, well-known materials can be used. For
instance materialé contatning C, SiO,, ZrO, may be used. The thickness of the protective
layer should preferably be greater than 1 nm but less than 5 nm so that the distance
between the magnetic _head and the medium can be reduced from the viewpoint of high
recording density.

Conventional well-known materials, such as for instance, perﬂubropolyether,

fluorinated aléohol, fluorinated carboxylic acid should preferably be used in the

lubricating layer 9.
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saturation magnetic flux density is taken as Ms, then

Hbias is defined as the magnetic field of half the
weanwnawion magnetic flux density M, that is,PdBIP2006/326305

Taki ng the above-nentioned material as soft magnetic

| ayer 2, 4, if the thicknessl3of the non-magnetic

internmedi ate | ayer 3 of Ru provided between the soft

netig | rs.2, 4 of. layer. 2 is.tak as the. .

or Retab el i ficcppiangtic cgPoRipg msinnh of theligsenf ipyertign further
) qﬁgpethf undFrIa er a Cﬁn be obtai.ned, This enables . .
inglydes o3 thaprieg| layerg ReeEn fie PrRASEHS uBstAlE andet magnetic
. resistance to be increased. The coercivity Hc of the
undesffayefragnet i ¢ | ayer 2, 4 should preferably be 10 Oe or

| ess (nmore preferably be below 10 Ce). Note that 1Ce

i it apprefexatiethat (hedmrigrdayqrdyas panai siFmand selegted fragnideiclements

| ayer 2, 4 with the configuration nmentioned above, the
inewdedt byr the gofireragoetiondeayar sueept farCo ared Beides a welt, the corrosion

form ng the soft nmagnetic underlayer a, the film
wistloodcurpbesfeseatflay ibgrediontnddch iardot ddsorhed rvertéracahibelcdntrolled by

applied in the radial direction of the substrate. The
usingdech mateeinlsFor the veaiet ldyer. control |l ing the orientation

and crystal size of the perpendicul ar nmagnetic

r el s @refgrablaythit the datribe dajends anpaiorpHhs dimdrie.| Wiied tHe barrier
shoul d preferably be nade of Ni, N alloy, N Fe alloy

Tayek iNaCarysthll @tictzt i@ dosrosiall ibetardefora Main Noudlah®YCorrosion
Ni Fe alloy or NiCo alloy of the under |ayer .5

redifiice ORRAAbARRABRVAILL Bechi® BREECE fio Yfart REHAE RE Eld@ible point or a
crystal size and increasing the consistency of size of '

diggrx%f&mbg%iugﬁg%é BarFiOIRRG twiltParl dHorlp RO IREhAS. € | ayer

The magnetic recording medium A of the present example is a perpendicular
magnetic recording medium on the non-magnetic substrate 1 comprising of at least an
soft magnetic underlayer a, under layer 5, i'n'termediate\ layer 6, and perpendicular
magnetic recording layer. The soft magnetic underlayer a is a CoAl alloy that comprises
soft magnetic layer 2, 4 with saturation magnetic flux density Bs greater than 1.1T, and
the under layer may be made of either Ni, Ni alloy, NiFe alloy, or CoNi alloy. Thus, this
magnetic recording medium enables recording and reproduction of high density
information excellent for productivity.

‘Fig. 3 shows an eXample of the magnetic recording and reproducing device using
the magnetic recording medium mentioned above. The magnetic recording and
reproducing device 12 shown here comprises a magnetic recording medium 10, a a

spindle motor -13 for rotatably driving the magnetic recording medium 10, a magnetic

head 14 for recording and reproducing information on the magnetic recording medium 10,

.a head actuator 15, and a fecording-reproducing signal processing system 16. The

recording-reproducing signal processing system 16 can process the input data and send
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so on may be used with the object of reducing the

crystal size specifically, and the anount to be added
woehouhtom ef erably be below 6 (at.% . Ru, Pt, RYT/N2006/326305

Ta, Nob, Ti may be added with the object of increasing

the consistency of crystal llattice size wth respect

to the internediate | ayer 6. The saturation nmagnetic

t Bs,.of Ni Fe al |
e oy Al (8 midagir RN i i BB rapTiced signal
d f bl.y t than 0.3T. If | than.
fogi e migieid el oo uE B8R (ho cor i mmgnetic

underla er may be weakened duringwites, which
aelsst he recording and reproduci ng ‘
characterlstlcs and so is not preferred. The
t W heraduariagss of e prasaF Invaytion ae dhesuibad perstbyrraferyngie examples.
greater than 1 nmbut less than 10 nm If the
It tshtb denersisrstdod; heweyatethat theepre®nt snvepgen isheot to berlimiteseto these
effect of the under |ayer becones inadequate, the
exahplesonlgf maki ng the particle size finer cannot be
obt ai ned, and the orientation degrades; therefore,
suEkampleulgs are not preferred. If the thickness of the
under |ayer 5 exceeds 10 nm the crystal size

| ng rodas 8abstiateetaaioppious Subdirasd WA 3adianieddr 05 @iches adde by MYG
Non- magnetic internediate | ayer 3 should preferably be

‘CoYHOE. ) GhasRitcOmhmidated li® Y -fil i@ rihti sk Stessbed of AIDE MagRelo-sputtering
internedi ate | ayer 3 should preferably be | ess than 16

sy (VRIde1 esefemald b A§§§/atdbarLta3 & air Hhthe A@CBFRsion chamber
possi bl e by using ég | oy or CoFeAl alloy in the

was @khad¥RANGl fhelvﬁé’lﬁfm ?evel“rea@ﬁq 1436h@,pr edet er m ned
materials in

First soft magnetic layer made of 70Co-20Fe-2Al1-4Zr-4Nb (Co content 70 at.%, Fe
content 20 at.%, Al content 2 at. %, Zr content 4 at.%, Nb content 4 at.%) of thickness 30
nm, non-magnetic intermediate layer 3 made of Ru of thickness 0.6 nm, and second
soft magnetic layer 4 made of 70Co-20Fe-2Al-4Zr-4Nb of thickness 30 nm were formed
as the soft magnetic underlayer a. The crystalline structuré of the first and second soft
magnetic layers 2, 4 were verified as amorphous structure by XRD.

Next, the uﬁder layer 5 was made of Ni of thickness 5 nm, the intermediate layer 6
made of Ru of thickness 12 nm, the perpendicular magnetic recording layer 7 was made
of 60Co-lOCr-20Pt-10Si02 of thickness 10 nm and 65Co0-18Cr—14Pt-3B of thickness 6
nm.

Next, protective layer 8 was formed of thickness 4 nm by the CVD method.
By. the dibping method, lubricating layer 9 was formed made of perﬂuor_opolyether,

and the perpendicular magnetic recording medium A was obtained.

(Comparative examples .1, 2)
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under layer 5. By reducing the thickness of the
non-magnetic internedi ate |ayer 3, the distance
whzowernit he magneti c head and the soft nagnetREI/IP2006/326305
underl ayer a can be reduced, and the magnetic fl ux
fromthe nmagnetic head can g nmade steep. The result
is that the thickness of the soft magnetic Iayer 2, 4
be further duced producti vi
Qugnetyg, éeCé’é ipe a&‘F@ao? (FRGRARIYS ‘?’ﬁaﬁ’l’f"ﬁ ﬂhg were prepared
er pendi cul ar magnetic recording layer 7. is
acquilagttp Sramelepk a¥gept forrusing  Heo- gé ﬁba&r& 1&&2%@&%’&% as the
el ements should include at | east Co and Pt;
material REiedirel sofmagmetiolayer andghe sygond goft magpetic laveradded
with the object of inproving the SNR characteristics.
OxTheestatisunignatic Shagacter§itics agt thegecatding amd 2eproduging cha@gteristics
may be used to formthe perpendicul ar magnetic
were evaluated) forathe rmagnefit ecapodingenguda o€ theaganyfle and dless comparative
shoul d preferably be in the range of 15%to 40% If
exarhpley.oTherkerp effe@nhegering equipdes manufsitmed by WeoatveCEGNRtd. Was
characteristics becone i nadequate. This is not
us§d abeevathate | thet batiy omugrpier clensagestios, wilde Read-Veritds Analyzer
40% only the coercivity required for high recording

RWAaNE32 ¥in€ Bpidanides P MP eftinufftaired GyeGUINK Nofv BiSUe sved Bsed to
not preferred. The new creation magnetic field (-Hn)

méaﬁm{e R BEAIRAS BlieGut RHing BAA BPr6duchfEOitiReerisAder 7 shoul d
preferably be greater than 2.0 kq e. If -Hn.is less

ot hpd} %vgu:!ftﬂl_ﬁ,ﬁ'thé h@Esralng’ laHET Hkd RRirRC Qﬁﬁﬁcteﬁﬁic% I the NREording
preferred |ckness of the perpendicul-ar magnetic

ﬁeﬁﬁ%&dédﬁgltioﬁkl%erz Rt t%ﬁé §h&tfny¥ @gordlng density as 1000 kFCI,

using the thin film magnetic head with TMR elements in the recording unit and single
magnetic pole for writes. For evaluating overwrite (OW) characteristics, the first signal
remaining after writing the 500 kFCI signal and then writing the 67 kFCI signal was
measured. The corrosion test was performed using an optical microscope to observe
several corrosion spots that were allowed to remain after 240 hours at high temperature
and high humidity (80°C, 80%). The results of the evaluation above are shown in Table

1.
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in the range of 6 to 20 nm If the perpendicul ar
magnetic recording layer 7 is a granul ar oxide |ayer,
w0 z7omwiance, and if the thickness of the gramui/ar006/326305
oxide layer is in this range, then adequate output can
be ensured and degradati on ofs OV characteristics does
not occur. Therefore, a thickness in this range is
prﬁ% {rjd. The perpendi cul ar magnetic recordi ng | ayer
7 566 S|ngle | ayered structure or it may be a
‘ trgcture made of materials of different
he|structure should preferably be one
sgquentially by layers containing
arlly and layers not containing oxides.
ajer 8 prevents corrosion of the
agnetic recording |layer, and al so
JL 94 the surface of the medi um when the
- tlgughes the nedium Thus, the
T'WETT-knomn materials can be used. For
ijal 4 containing C, SiQ2, ZrQ2 nmay be
neqs of the protective |ayer should
pedter than 1 nmbut |ess than 5 nmso
ce |bet ween the magnetic head and the
edyced fromthe viewpoi nt of high
ifoy.| Conventional well-known materials,
®arjce, perfl uoropol yether, fluorinated
natled carboxylic acid should preferably
luricating layer 9.1t is preferable
i c |recording medi um of the present
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The example of Table 1 enabled comparison of the comparative examples 1, 2 and

-verified that the recording and reproducing characteristics are excellent. It was observed

that excellent recording and reproducing characteristics could be obtained even when Ru
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i ncludes a barrier |layer between the non-nmagnetic

substrate and the soft nagnetic underlayer. It is
wroef/ersats e t hat the barrier |ayer has a nmai n EITRIPROIG/326305

selected fromthe el enents included by the soft

magneti c underl ayer except for Co and Fe. As a result,

the corrosi on which occurs because of an ingredient of

board ar adsorbed water. can.be controlle usi ng . )

of SgcRm ey QRS Ve Gy PemEmeet faver §. Woshopdarials with

that the bq&ri | ayer s an anorphous structure. \Wen .
lown@s 154k 28y %rﬁ@r of Lofady grg | usedyy thet pyegwrife, (OW) characteristics
.. corrosion is started froma grain boundary. Corrosion
degraded isypeestipg thabbeifi thigkeess hag pdequater e i s no part

having an unstable point or a different density, by

usht veps akse viseified that heygerrosign $potncaadbbgelesgrevedtin thetagrresion test of

The magnetic recordi ng nedium A of the present exanple
th¢ sampzer ipeaghinple ab. Fwgnahé¢ aboeg oitdwagy cordilded ¢t trheording and

non- magneti c substrate 1 conprising of at |east an
regofictivagwat i impunady vile compsiom desisthray evasSdramatically improved by

internedi ate | ayer 6, and perpendi cul ar magnetic _
addmgexldi ng | ayer. The soft magnetic underlayer a is a

CoAl alloy that conprises soft magnetic |ayer 2, 4

Wi t(Examples 2ttb @0) magnetic flux density Bs greater than

LIT, and the under | ayer may be nmade of either N, Ni

al | dgndNic F8catliing Yme dim GodN mahu ftureliiésierallPiascd¥@iaB @b iekample 1
recordi ng nmedi um enabl es recordi ng and reproduction of

exBeI b A QRS Lo MpbSMi A Pk QBfSHARItiE Myl Was RAALAT TMIE 8- shows the

results of evaluation.



Fig. 3 shows an exanple of the magnetic recordi ng and
reproduci ng devi ce using the magnetic recordi ng nmedi um
wornrHhowerd above. The magnetic recordi ng and PCT/JP2006/326305
reproduci ng device 12 shown here conprises a magnetic

recordi ng nmedium 10, a a spilddl e notor 13 for
rotatably driving the nagnetic recording medium 10, a
nangﬂ%g head 14 for recordi ng and reproduci ng

i nftOf&E on on the magnetic recording nmedium 10, a
"head actuator 15, and a recordi ng-reproduci ng signal .

pr[@CessIng [BYS reprpaucing signa
pri@cess| ng |sys i nppt d@ta and
sqedt he éé or ¢ etic] hea¢l 14, and
cgr propegydd I EOM fhe gnetic
hgad 14} a JThe pdvant ages of
tHe prg here] by teferring
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pri&sent g&d tIX t h¢se
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For all samples of different composition in the examples shown in Table 2, excellent

.characteristics could be obtained.
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content 20 at.% Al content 2 at.% Zr content 4 at.%
Nb content 4 at.% of thickness 30 nm non-magnetic

wo et ate | ayer 3 made of Ru of thickness EZ18IP006/326305
and second soft magnetic | ayer 4 nmade of
70Co- 20Fe- 2Al - 4Zr - ANb- of thil®kness .30 nm were forned
as the soft magnetic underlayer a. The crystalline

2, WD oehels L3oufoR SEGS B G RSS! aien Sl humber
of%'eﬂ?rﬁflﬂ% Shoft B rEReincte JpBPts FhgRNELHD B %ﬁ%@ﬁgggg Alof 2

nm the perpendicurar. magnetic recording |ayer
at. v6as3 Hulhe 208 CoRiclel €2,COBPEIOP AP EOSHEd MRHOYer, 78 qhw% in the

65C0-18Cr- 14Pt-3B of thickness 6 nm Next, protective
compgaive eymple 3r ofkRbiT 14 GATERIBSHO QYT ByVide Fangymyere generated in
nmet hod. By the di nmet hod, lubricating | ayer 9 was
samplefrmdt eandaniog Pdeﬁ)'gufu dirwasoveyidied dhat camesiph gesistance is enhanced by
per pendi cul ar magnetic recordi ng nmedi um A was
addingad Inedthe (C@Fﬁﬁwﬂasj'st@neﬂaprQSCqu@)ﬂEh@e rsagples iof example 4 to
recordi ng nmedi a of conparative exanples 1, 2 were
whiclephioéd ac6 ovadiadded o the aamipkes bf exameple 3 oy whichrngl of 3 at.% was
91Co-5Zr-4Nb or 71Co- 20Fe-5Zr-4Nb as the material of

adtéd; thé SNR sfattordimgrmidireprodycitig aladadtéristiee srnedd safuting, therefore,
magnetic | ayer. The static magnetic characteristics

it wadcdndRide€ @ik diengppanimitefiagidui GfhdaiimasstAlrshstldGreféRbE taken
eval uated for the magnetic recording nedia of the

asPeampl e and the conparative exanples. The Kerr effect
nmeasuring equi prent manufactured by Neoarc ‘Co., Ltd.

Vagiso, comparison of the example 1 and comparative examples 1, 2 in Table 1 shows
that the saturation magnetic flux density improves by including Fe in CoFeZrNb-based
alloy. However, according to the example 6 of Table 2, corrosion spots appear in samples
containing Fe of 50 at.%. From the above, it was concluded tﬁat Fe mu.st be included to
improve the saturation magnetic flux density in this system, but if the Fe content is
excessive, even if Al has been added, corrosion spots start appearing. Therefore, even in
CoFeZrNb-based alloys in which Al has been added, the Fe content should preferably be
below 50 at.%.

(Examples 11, 12, 13)

~ Magnetic recordiﬁg medium was manufactured generally according to example 1
except that the thickness of the soft magnetic underlayer was changed. Table 3 shows the
results of evaluation.

[Table 3]



used to evaluate the static nmagnetic characteristics,
whil e Read-Wite Analyzer RMAI 632 and Spi nstand

w00 MP1aranuf act ured by GUZI K of USA wer e useRCT/dP2006/326305
nmeasure and eval uate the recordi ng and reproduci ng
characteristics. For eval uatdgong the recordi ng and
reproduci ng characteristics, the recordi ng frequency

C qReh-tenrg—wererrepsty ed taking the line recording
dgigsi t 1Q00| kFEI , | using the thin fil m magnetic
hgad elenpntp in the recording unit and
Si|89 gynef{iclpole for wites. For eval uating

o\ reteet eristics, the first signa
r qigai erflw]tiphg the 500 kFCl signal and then
wr ¢ KEde s| gnal was measured. The corrosion
tg Ar ffed|Us| ng an optical  microscope to
ol al Jcolropkion spots that were allowed to
r g 249 hpurp at- high tenperature and hi gh
hy 393 [The results of the eval uation
ah PNIEn|daple 1.[Table 1] The exanpl e of
T4 edjcoppali son of the conparative exanpl es
1, , Tyt the recording and reproduci ng
cr%rac‘grigt Gs ara“excellent. It was observed that
ex{@el | got |Fedor § njf ahd reproduci ng characteristics
cq@ d pe ¢bt i npd pvep when Ruof 12 nm snal | er
t HigckngSSTWay upedl TN the internedi ate | ayer 6. \Wen
ma%erj 1g§@iI§1 PWMBs| such as CoZrNb or CoTaZr were
uded, |9&|sviEWSt B (PW characteristics degraded,
sygges |n$ thatJthp f]I mthi ckness was inadequate. It
wgqS al §Q Yerf11 €0 [naf no corrosion spots could be
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From the results shown in Table 3, it was observed that excellent characteristics
were obtained in all samples of the example in which the thickness of the soft magnetic

-underlayer was greater than 20 nm. The coercivity of samples in example 13 in which the



the samples in exanple 1. Fromthe above, it was
concl uded that recordi ng and reproducti on were
WO mpr/owmeds whil e corrosion resistance was dr anstT/obiey326305
i nproved by adding Al. (Exanples 2 to 10) Magnetic
recordi ng nmedi um was manuf actlured general | y accordi ng
to exanple 1 except that the conposition of the soft
pgnetjic |ayer was changed. Taple 2 sh t he result
thigires of (e sp B myenats Wndsyayss an > EmmpfusiEhly dpduced.eg SNR too
coprposi tion in the exanples shown in Table 2, ,
W*’é)?ggll’tfyelﬁf"’ebhar acteristics could be obtained. The sanpl e
in exanPIe 2 shown in Table 2 had 0.3 at. % of A, and
a Examplesddd) of corrosion spots occurred inthe
sanple. In contrast, in sanples containing Al of 2
at .Mggetigtreogrdiaganedivm was manwantvisdiasnergbp recosdiog te eyample 1
Mor eover, as observed in the conparative exanple 2 of
exdept that the thicknass andhmapoiabofothe underdinybe weamelangest. d'able 4 shows the
generated in sanples not containing Al. Thus, it was
resudts of edudtioat corrosi on resi stance i s enhanced by
adding Al to the CoFeZrNo system However, conparing
the sanmples of exanple 4 to which Al of 7 at.% was
added to the sanples of exanple 3 to which Al of 3
at. % was added, the SNR of recordi ng and reproduci ng
characteristics started reducing, therefore, it was
concluded that the upper limt of amount of addition
of Al should preferably taken as 7 at.%



in
it

From t he above,

according to the

corros2on spots appear

2 in Table 1 shows that the saturation

woragnetses f | ux density inproves by includi ng HsCE/JIP2006/326305
%
| uded that Fe nust be included to inprove the

conpari son of the exanple 1 and conparative
on magnetic flux density in this system but

A

t

CoFeZr Nb- based al | oy. However,
sanpl es containing Fe of 50 at.

exanpl es 1,
.exanple 6 of Table 2,

s apis

Al so,
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it was verified that particularly excellent characteristics

>

From the results of Table 4

were obtained when Ni, Ni alloy, NiFe alloy, or NiCo alloy was used in under layer of

the examples. That is, the coercivity was high, and the SNR characteristics and corrosion

5

resistance were found to be excellent.

(Examples 32-41)



except that the thickness and material of the under

| ayer were changed. Table 4 shows the results of
wewab/oawion. MmO 5 cr 3 Th at i p> pT T. 3t y,BCT/AIP2006/326305

aerwauwe hnN O ertrrxrues cr ft (DO- L to tMgnetic

recordi ng medi um was manuf ac2ured general ly accordi ng

to exarrpl e 1 except that the material and thickness of

reﬁﬂ? %Egcg@p%gg lﬁ{l[wmagrbrﬁgl Setire ger-{e?ra l}(fe accorglmg%o example 1

except that the material and thickness of the mtermediate layer were changed. Table 5

'shows the results of evaluation.



Fromthe results of Table 5, it was concl uded that
excel l ent characteristics can be obtained in sanpl es
wauziong74@o-eAl Zr Nb, CoFeHf TaAl as the material RIT/IH2806/326305
internmedi ate | ayer. Excellent characteristics were
obtained in all sanples in ich the thickness of
theinternediate | ayer was in .the range of 8 to 25 nm
Tha:l isl jhe coercivity was high, and the SNR
cha g%lf%rs stics and corrosion resistance were found to
be excellent. (Exanple 42) Magneti c recordi ng nmedi um

regl gener al cor Ind td ejanple 2
e he] 60N\b- RO tlni dkngss 8 nm
o (=] .
h rp1oussrut re fdrmdd Het ween the
n ! iclsubstjatk ahd jth madgnet|i c
u by albajripr | ayer. tl’e 4t atli ¢ magnetic
c& reslet e me|mt. . t|he |magnetic
r falts|46Ro I, | et &hdradt eristics is
2 cofropioh s f ade) |was O.
I PPLYCABI L] T d gboyje, according
t ¢ (avint|o e dgl 4r nmagnetic
r wedR ul¥ c B9 & 4&ft| magnetic
u ndgr |ay erjredi atle | ayer and
p TTROTTELT 7 T [OrT|non- magneti c
S erein|the s uridenl ayer fornmed
o I _Jo [N EU I .
by i €1 pye~ W rlat ijon |magnetic fl ux
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From the results of Table 5, it was concluded that excellent characteristics can be
obtained in samples using CoFeAerNb, CoFeHfTaAl as the material of the intermediate

5 layer. Excellent characteristics were obtained in all samples in which the thickness of the



medi um and nmagneti c recordi ng and reproduci ng device
capabl e of recording and reproduci ng high density

WO mioopnmid on with excel |l ent productivity can bECT/JP2006/326305
of fered. CLAIMS 1. A perpendi cul ar magnetic recording
medi um conprising: a-non-nma@ietic substrat e' and a
soft magnetic underlayer, an under Iayer

o AEHA % Sy AR 8BS UL, JROTEH 4 v i
ein the soft netic underl a rises_a soft
thtmrg@hétlﬁr@cwaﬁéqs ¢l COHOHgR r%ﬁwt%mtf‘o@nggro brepoFleTing | s

made of CoAl alloy with a saturation nmagnetic flux
deixpmpleg)greater than LI T. 2. A magnetic recording
medi um according to claim 1, wherein the soft nmagnetic
| aylegndtic Tegerdingf medinmavag mapyfastwrec gensaally agdorting to example 2
magnetic flux density Bs greater than 1.4 T. 3. A
5  expapgltitbe 6@bOC N dayiee of thicknesoB dirmbaving eh aimerphous structure was

wherein the Al content of the soft magnetic |ayer is

fogmeeldtetwednthe nOn-nagnetio hulistrate sid tleasofi/magnelic udderlayer as a barrier
magneti ¢ recordi ng medi um according to claim 3,

layae Aeithe tstagic Ahaghetit ehtrackristivs, gef toeneiginelof ahd aaghetics recordmg
greater than 0.3 at.%but less than 3 at.% 5. A

métig 24430 Oecte BNR) chmditdiistig dondi2ngB | the Godbfivba spot (per surface)
wherein the Fe content of the soft magnetic layer 1Is
‘wds@ss than 50 at.

10
INDUSTRIAL APPLICABILITY
As mentioned above, according to the present invention, the perpendicular magnetic
recording medium comprises at least a soft magnetic underlayer and under layer and
intermediate layer and perpendicular magnetic 're'cording layer on non-magnetic substrate,
15  wherein the soft magnetic underlayer formed by soft magnetic‘ layer with saturation
magnetic ﬂu?{ density Bs gre'ater than 1.1T is made of CoAl alloy, and the under layer is
formed either by Ni, Ni alloy, NiFe alloy, or NiCo alloy. Therefore, magnetic recording
medium and magnetic recording and reproducing device capable of recording and
reproducing high density information with excellent productivity can be offered.

20
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6. A magnetic recording nmedi umaccording to claim1,
wherein at |east one of Ta, Nb or Zr is also included
waxozonwent in the soft nmagnetic |ayer. 7. A nEQNERD@/326305
recordi ng nmedi um according to claim1, wherein either
N or C is also included as6content in the soft
magnetic |ayer. 8. A magnetic recordi ng nedium
according to claim1, wher e&ﬂAtHbI% soft magnetic
under| ayer conprises two |ayers of AFC
(Antj-Ferrp-Coupling) structure. and Ru.filmformed
L ber b BiPriEaTe Rpereds s orde HiRi R hmiisne  ayer o A
. magnetic rec%rdi ng gedi um according to claiml,
pReR-Eagngic uopalEAnd  he product of saturation
magnetic flux density and filmthickness of the soft |
Ao draeactifwederlayers ap gndgrdayedy an pgmedintg layeisang ¢ gerpgndicular
10. A magnetic recordi ng nedium according to claim1,
magneiefegonding layrieen theyon-Tnagnetic subsirateei t her Ni, Ni
alloy, NNFe alloy or NNCo alloy, and the D @60 of the
Rbemin the softomaghstict unsledayes romprisesss soft amaghetde dpyep svhich has an
11. A magnetic recording nedium according to claim1l :
amuinplross istridterel antdeis meatieatfeCd Alyadloyi withra deturdtioRumagnefia flux density
alloy. 12. A magnetic recordi ng nedi um according to
Bscdredten thawhérlei n the fil mthi ckness of the soft .
magneti ¢ underl ayer is greater than 20 nm but | ess
2.t har Sthghstic fedordingThgdRim acdoeding @b Bfhimediwiteréifi ahe dbfognagnetic
to claim1 wherein the thickness of the internedi ate
layeR¥ € Mmallé of €vFeAhaNoyl Bavifiy saturation magnetic flux density Bs greater than

1.4 T.‘

3. A magnetic recording medium according to claim 1, wherein the Al content of
the soft magnetic layer is greater than 0.2 at.% but less than 7 at.%.

4. A magnetic recording medium according to claim \3, Wherein the Al content of
the soft magnetic layer is greater than 0.3 at.% but less than 3 at.%.

5. A magnetic recording medium according to claim 2, wherein the Fe content of
the soft magnetic layer is less than 50 at.%.

6. A magnefic recording medium according to claim 1, wherein at least one of Ta,
Nb or Zr is also included as content in the soft magnetic layer.

7. A magnetic recording medium according to claim 1, wherein either Ni or Cr is
also included as content in the soft magnetic layer.

8. A magnetic recording medium according to claim 1, wherein the soft magnetic
underlayer cOrﬁprises two layers of AFC (Anti-Ferro-Coupling) structure and Ru film

formed between these two layers of soft magnetic layer.
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14. A magnetic recording nediumaccording to claim1l
wherein the soft nmagnetic |ayer is either CoFeAl Zr Nb,
woCbeatfaNb, CoFeAl TaNb, CoFeAl Zr NoCr, or CoFeAl 326305
15. A magnetic recordi ng nedi um according to claim1,
-further conprising a barrier2? ayer between the
non- magneti c substrate and the soft magneti c

0 409% e T OO 50 PR L TR . e
I df I d b
o S B Y RS EL I AL, B, o

. netic re i umn according to claim 15,
ung\ﬁgg’g{ﬁglr%erﬁ W?bl’tglle%ﬁ}g?n g]as an anorphous structure.

18 A magnetic recordi ng nmedi um according to claim 15,
10wh ek iMAZDREC 69 lfl&imﬁ%sacs?r trrget%akarm wla-v@p tiﬂ% under layer
é}%reater than 1 nm but | ess than 20 9.
wid iy piteer el N éblew dlidierallogeari N'@%#llthémbﬂ@sé ot the Ru alloy
i nvention conprising magnetic recordi ng nmedi um and
promigdesthersupernid 1¢ssithaneedeetiéasg and repr oduci ng
i nformati on on the magnetic recordi ng nedium wherein
11t he Avepgstiic rémading nediwiragicerdingy e tlaom plomdretearathe mretmediate
the magnetic recording nmediumis the magnetic
layee tsanallengf Reeci Rmmaleycor ding to any of the clains 1 to
18.

S 12, A magnetic recording medium according to claim 1 wherein the film thickness of

the soft magnetic underlayer is greater than 20 nm bﬁt less than 80 nm.

13. | A magnetic recording medium according to claim 1 wherein the thickness of the
intermediate layer is less than 16 nm.

14. A magnetic recording medium according to claim 1 wherein the soft magnetic
layer is either CoFeAlZrNb, CoFeA]HfNH, CoFeAlTaNb, CoFeAlZrNbCr, or
CoFeAlZrNbNi.

15. A magnetic recording medium according to claim 1, further comprising a barrier
layer between the non-magnetic substrate and the soft magnetié underlayer.

16 A magnetic recording medium according to claim 15, wherein the barrier layer
comprises a main element selected from the elements included by the soft magnetic
underlayer except for Cé and Fe.

17 A magnetic recording medium according to claim 15, wherein the barrier layer
has an amorphous structure.

18 A magﬁetic recording medium according to claim 15, wherein the film thickness

of the barrier layer is greater than 1 nm but less than 20 nm.
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19. A magnetic recording and reproducing device of the present invention comprising

magnetic recording medium and magnetic head for. recording and reproducing

‘information on the r'nagnetfc recording medium, wherein the magnetic head is a single

magnetic pole head, and the magnetic fecording medium is the magnetic recording

medium according to any of the claims 1 to 18.



